† I dedicate this small review article to my daughter, Ana Margarida, a 1 st -year student of Pharmaceutical Sciences. I would like to encourage her to study these subjects in the search for more natural health-promoting compounds, of natural origin, in detrimental of "laboratory made" ones.
Introduction
The term "fermentation" comes from the Latin word "fermentum" (meaning, to ferment). The science of fermentation is called "zymology" and the first zymologist was Louis Pasteur who was able to identify and apply yeast in fermentation [1] . Food fermentations date back at least 6000 years. In the 16 th century, the beginning of industrialization initiated technological interventions in food and beverage production [2] . However, it was in the last two centuries that significant changes in the world's food system have occurred. In olden days, fermentation of food was meant for food preservation and flavor improvement [3] , nowadays, in food and beverages fermentation, various technologies and operations are used with the aim of converting fairly perishable and indigestible raw materials into pleasant foods and drinkable beverages with added value and high stability [4] . The assurance of the quality and safety of the final product is the main goal of the technologies applied [5] .
Biotechnology plays a radical role in the production, conservation, nutritional enrichment, and value addition of foods. To be able to understand the science of microbiology in food and beverage [32] by exhibiting a bitter taste above the sensory threshold, but below the recognition threshold.
Tryptophol is also used as a precursor in the synthesis of the drug Indoramin, an αadrenoreceptor blocking drug used to treat hypertension [33] , and in the treatment of benign prostatic hyperplasia [34] .
Phenylethanol (Figure 1 ), also produced by Candida albicans as an auto-antibiotic [35] is an aromatic compound that is commonly found in plants, such as roses, possessing pleasant floral roselike odor. Due to its preservative properties, phenylethanol is often used in soap-based detergents because of its stability in basic conditions. Phenylethanol can also act as a natural preservative in wine and beer to prevent spoilage [35] . 
Mechanisms of Microbial Resistance to Environment Changes that Produce Health-Promoting Compounds
Conservation and commercialization of yeast cultures in fresh liquid or pressed forms are not economically advantageous. Thus, dehydrated yeasts present numerous advantages, such as lower cost, convenient for transport and storage, and ease of handling [36] . However, the drying of the yeasts signifies highly sensitive transformation processes for microorganism's which can lead to cell death or a significant decrease in cell activity potential [37] . The final water volume of the cells, Tyrosol and tryptophol ( Figure 1 ) are produced by yeasts during alcoholic fermentation from the catabolism of amino acids tyrosine and tryptophan, respectively, whereas hydroxytyrosol is produced by hydroxylation of its precursor tyrosol. Tyrosol, hydroxytyrosol, tryptophol are reported to possess several health-enhancing activities, deriving from their free radical scavenging, anticarcinogenic, cardioprotective (induces myocardial protection against ischemia-related stress [27] ) and antimicrobial properties [28] .
It´s due to the presence of tyrosol and caffeic acids ( Figure 1 ), that white wine has been reported as having cardioprotective benefits. Tyrosol and caffeic acids are able to activate the cell survival signaling pathway and the FOXO3a longevity-associated gene [29, 30] . Moreover, tyrosol has been shown to have an important role in the taste of some alcoholic beverages, such as sake [31] and wine [32] by exhibiting a bitter taste above the sensory threshold, but below the recognition threshold.
Tryptophol is also used as a precursor in the synthesis of the drug Indoramin, an α-adrenoreceptor blocking drug used to treat hypertension [33] , and in the treatment of benign prostatic hyperplasia [34] .
Phenylethanol (Figure 1 ), also produced by Candida albicans as an auto-antibiotic [35] is an aromatic compound that is commonly found in plants, such as roses, possessing pleasant floral rose-like odor. Due to its preservative properties, phenylethanol is often used in soap-based detergents because of its stability in basic conditions. Phenylethanol can also act as a natural preservative in wine and beer to prevent spoilage [35] .
Conservation and commercialization of yeast cultures in fresh liquid or pressed forms are not economically advantageous. Thus, dehydrated yeasts present numerous advantages, such as lower cost, convenient for transport and storage, and ease of handling [36] . However, the drying of the yeasts signifies highly sensitive transformation processes for microorganism's which can lead to cell death or a significant decrease in cell activity potential [37] . The final water volume of the cells, induced by dehydration-rehydration cycles, influence the cells survival [38] , and the modification of plasma membrane fluidity during the dehydration-rehydration cycles affects the plasma membrane structure and may induce cell mortality [39] .
Increase of contact surface of the cells with air during dehydration also induces accumulation of ROS (reactive oxygen species)-[O 2
•− (superoxide anion), • OH (hydroxyl radical), H 2 O 2 (hydrogen peroxide) and ReOOH (hydroperoxides)]-and may contribute to inactivation of several enzymes, leading, also, to cell death [40] . In the presence of these stress conditions yeasts are able to synthesize compounds such as glutathione and trehalose [41] . Glutathione (GSH) is a ubiquitous low molecular weight thiol tripeptide containing glutamate, cysteine, and glycine (Glu-Cys-Gly), it is present in large amounts in yeasts and it can be found in the reduced or oxidized forms (GSH and GSSG, respectively). Glutathione plays a crucial role in redox equilibrium reactions, protecting the cell from oxidative stress, by allowing the formation of native disulfide bonds and by scavenging free radicals present in the cytosol; reactions mediated via glutathione reductase and glutathione peroxidase [12, 42] .
Hgt1p in yeast S. cerevisiae was the first identified high-specificity and high-affinity glutathione transporter (Km 54 mM) [43] . Hgt1p belongs to oligopeptide transporter family which was also found in fungi, plants, and prokaryotes. Genetic and physiological investigations revealed that gene HGT1 (open reading frame YJL212c) as encoding a high-affinity glutathione transporter. Yeast strains deleted in HGT1 gene did not show any detectable plasma membrane glutathione transport. This transporter is required for the uptake of glutathione from the extracellular medium ( Figure 2 ) [43] . Moreover, mitochondria are a primary source of ROS in cells and mitochondrial thiols are therefore major ROS targets. This phenomenon is exacerbated by the relatively alkaline pH of mitochondria. Therefore, redox regulation is critical for numerous mitochondrial functions, and yeast strains lacking GSH are unable to grow by respiration due to an accumulation of oxidative damage to mitochondrial DNA. Transport of H 2 O 2 across yeast cell membranes can be facilitated by transporters such as aquaporins. Hydrogen peroxide causes oxidative stress but also plays important roles as a signaling molecule in the regulation of many biological processes ( Figure 2 ) [44] . induced by dehydration-rehydration cycles, influence the cells survival [38] , and the modification of plasma membrane fluidity during the dehydration-rehydration cycles affects the plasma membrane structure and may induce cell mortality [39] . Increase of contact surface of the cells with air during dehydration also induces accumulation of ROS (reactive oxygen species)-[O2 •− (superoxide anion), • OH (hydroxyl radical), H2O2 (hydrogen peroxide) and ReOOH (hydroperoxides)]-and may contribute to inactivation of several enzymes, leading, also, to cell death [40] . In the presence of these stress conditions yeasts are able to synthesize compounds such as glutathione and trehalose [41] .
Glutathione (GSH) is a ubiquitous low molecular weight thiol tripeptide containing glutamate, cysteine, and glycine (Glu-Cys-Gly), it is present in large amounts in yeasts and it can be found in the reduced or oxidized forms (GSH and GSSG, respectively). Glutathione plays a crucial role in redox equilibrium reactions, protecting the cell from oxidative stress, by allowing the formation of native disulfide bonds and by scavenging free radicals present in the cytosol; reactions mediated via glutathione reductase and glutathione peroxidase [12, 42] .
Hgt1p in yeast S. cerevisiae was the first identified high-specificity and high-affinity glutathione transporter (Km 54 mM) [43] . Hgt1p belongs to oligopeptide transporter family which was also found in fungi, plants, and prokaryotes. Genetic and physiological investigations revealed that gene HGT1 (open reading frame YJL212c) as encoding a high-affinity glutathione transporter. Yeast strains deleted in HGT1 gene did not show any detectable plasma membrane glutathione transport. This transporter is required for the uptake of glutathione from the extracellular medium ( Figure 2 ) [43] . Moreover, mitochondria are a primary source of ROS in cells and mitochondrial thiols are therefore major ROS targets. This phenomenon is exacerbated by the relatively alkaline pH of mitochondria. Therefore, redox regulation is critical for numerous mitochondrial functions, and yeast strains lacking GSH are unable to grow by respiration due to an accumulation of oxidative damage to mitochondrial DNA. Transport of H2O2 across yeast cell membranes can be facilitated by transporters such as aquaporins. Hydrogen peroxide causes oxidative stress but also plays important roles as a signaling molecule in the regulation of many biological processes ( Figure 2 ) [44] .
Thiol redox regulation plays a role in the response of cells to oxidative stress conditions. Gostimskaya and Grant [45] emphasize the importance of compartmentalized redox regulation when cells are subjected to oxidative stress conditions ( Figure 2 ). At the same time as cytosolic glutathione represents the first major pool of thiols, which would be a target of oxidation in response to exposure to an exogenous oxidant, it is the mitochondrial glutathione pool which is crucial for oxidant tolerance. Thiol redox regulation in the response of cells to oxidative stress conditions. Hgt1p (Glutathione transporters in the yeast S. cerevisiae [43, 46] ); AQP (aquaporin-mediated H2O2 diffusion transport); Glrl (glutathione reductase); Trr2 (Thioredoxin reductase 2, mitochondrial); Trx3 (Thioredoxin-3, mitochondrial, disulfide oxidoreductase activity) Adapted from Gostimskaya and Grant [45] . Thiol redox regulation in the response of cells to oxidative stress conditions. Hgt1p (Glutathione transporters in the yeast S. cerevisiae [43, 46] ); AQP (aquaporin-mediated H 2 O 2 diffusion transport); Glrl (glutathione reductase); Trr2 (Thioredoxin reductase 2, mitochondrial); Trx3 (Thioredoxin-3, mitochondrial, disulfide oxidoreductase activity) Adapted from Gostimskaya and Grant [45] .
Thiol redox regulation plays a role in the response of cells to oxidative stress conditions. Gostimskaya and Grant [45] emphasize the importance of compartmentalized redox regulation when cells are subjected to oxidative stress conditions (Figure 2) . At the same time as cytosolic glutathione represents the first major pool of thiols, which would be a target of oxidation in response to exposure to an exogenous oxidant, it is the mitochondrial glutathione pool which is crucial for oxidant tolerance.
Has mentioned before, one interesting disaccharide with potential for medical application, namely in ophthalmology, is trehalose [15] . This sugar, constituted by two glucose residues linked by an α-1-1 glycosidic bond, is widespread in many species of plants, animals and microorganisms, including wine yeasts, where its function is to protect cells against desiccation. However, this sugar is no naturally found in mammals. Nowadays trehalose is used in the biopharmaceutical preservation of labile protein drugs and in the cryopreservation of human cells and is under investigation for the treatment of Huntington's chorea and Alzheimer's disease. It can also be used as a preventive drug to treat dryness in mammalian eyes, a common tear and ocular surface multifactorial disease that can lead to inflammatory reaction [15] . Trehalose also acts as a storage carbohydrate for the cell and it plays a very important role as a protectant against osmotic stress and ethanol stress, in yeast cells [47] . Trehalose acts as a stabilizing effect on the plasma membrane, providing it with increased tolerance to desiccation, dehydration, temperature changes, and high temperature [16] . It can also act as an antioxidant component by reducing oxidation reactions rates while enhancing the viscosity of cell cytoplasm [48] .
Câmara et al. [49] studied the effects of glutathione and trehalose biosynthesis in the dehydration stress responses of three non-Saccharomyces yeasts strains (Torulaspora delbrueckii CBS4865, Metschnikowia pulcherrima CBS5833 and Lachancea thermotolerans CBS6340). The results obtained will help to better understand certain physiological responses of non-Saccharomyces yeasts to dehydration, leading to the promotion and production of new high performance dehydrated non-Saccharomyces yeasts strains to be used in food and beverages elaboration. According to the mentioned work [49] , yeasts grown in nutrient-rich medium accumulated glutathione leading to a higher resistance to dehydration, whilst the nutrient-poor medium induced the cells to accumulate large amounts of trehalose, which partially protected them from GSSG accumulation.
Melatonin and Other Tryptophan Metabolites
In the scientific world, the theme of "wine and health" topics have been focused mainly on polyphenols, once these bioactive compounds are present in plants and are released into fermented products. However, yeast also transforms other molecules into biologically active compounds [19] . Since the pioneering work of Sprenger and co-workers [50] that melatonin molecule, has been reported as being present in wine, and its presence has been related to the activity of the yeast involved in the fermentation process. Originally, seen as a unique product of the pineal gland of vertebrates, called a neurohormone, at the present, it is considered a ubiquitous molecule present in most living organisms [51] .
Rodriguez-Naranjo and co-workers [26] studied the capacity of different yeasts to produce melatonin during alcoholic fermentation. Different Saccharomyces yeast strains, used for industrial fermentation of beer or as nutritional complements, and non-Saccharomyces yeast strains (Metschnikowia pulcherrima and Starmerella bacillaris) were tested by the referred authors to analyze intracellular and extracellular melatonin production in synthetic grape must. Interestingly, at the beginning of fermentation melatonin was detected, in the intracellular compartment, either in Saccharomyces or in non-Saccharomyces strains. Production levels differed among strains, being Starmerella bacillaris the non-Saccharomyces yeast that presented the highest concentration. Nevertheless, extracellular melatonin was detected at different time-points over the fermentation process, depending on the yeast strain. However, the same authors [26] also reported that the presence of tryptophan is essential for melatonin production since it is its principal precursor, it increases final melatonin content and it accelerates its formation. Moreover, the synthesis of melatonin largely depends on the growth phase of the yeast and the concentration of the reducing sugars.
The metabolic pathway for melatonin production in yeast is not completely clarified, nevertheless, the formation of serotonin might be an intermediate metabolite in the pathway [19] , Figure 3 . Germann et al. [52] , studied de novo melatonin biosynthesis from glucose, by genetically modifying Saccharomyces cerevisiae strains that comprise heterologous genes encoding one or more variants of L-tryptophan hydroxylase, 5-hydroxy-L-tryptophan decarboxylase, serotonin acetyltransferase, acetylserotonin O-methyltransferase, and means for providing the cofactor tetrahydrobiopterin via heterologous biosynthesis and recycling pathways. At the end of the process, yeast strain produced melatonin in concentrations of 14.50 ± 0.57 mg L -1 in a 76 hours fermentation, using glucose as sole carbon source.
Although is thought to be an intermediate for melatonin production, there is no evidence for the production of serotonin by S. cerevisiae. Serotonin has been found in wines at levels ranging from 2 to 23 mg L -1 , mainly as a result of the malolactic fermentation performed by Lactobacillus plantarum strains [53, 54] .
In 2016, Tan and co-workers [55] , proposed an alternative pathway for synthesizing melatonin from L-tryptophan via 5-methoxytryptamine with the formation of the intermediate compound Nacetyl-5-hydroxytryptamine [56] . Different Saccharomyces strains (Lalvin QA23, Enartis ES488, Lallemand ICV-GRE, and Uvaferm) and non-Saccharomyces yeast (Torulaspora delbrueckii and Metschnikowia pulcherrima) have been reported to produce melatonin during alcoholic fermentation in synthetic must [57, 58] . Moreover, T. delbrueckii is considered an innovative biotechnological tool, of great commercial interest, to be used in pure culture or in sequential inoculation with S. cerevisiae, for bio-modulating wines acidity [59] among other interesting enological features [60] .
Tryptophan metabolism includes, in addition to 5-hydroxytryptamine and melatonin, other important metabolites such as indolic compounds like 3-indoleacetic acid (3-IAA) which is the most common plant hormone, of the auxin class, and is known to have many effects including cell Germann et al. [52] , studied de novo melatonin biosynthesis from glucose, by genetically modifying Saccharomyces cerevisiae strains that comprise heterologous genes encoding one or more variants of L-tryptophan hydroxylase, 5-hydroxy-L-tryptophan decarboxylase, serotonin acetyltransferase, acetylserotonin O-methyltransferase, and means for providing the cofactor tetrahydrobiopterin via heterologous biosynthesis and recycling pathways. At the end of the process, yeast strain produced melatonin in concentrations of 14.50 ± 0.57 mg L −1 in a 76 hours fermentation, using glucose as sole carbon source.
Although is thought to be an intermediate for melatonin production, there is no evidence for the production of serotonin by S. cerevisiae. Serotonin has been found in wines at levels ranging from 2 to 23 mg L −1 , mainly as a result of the malolactic fermentation performed by Lactobacillus plantarum strains [53, 54] .
In 2016, Tan and co-workers [55] , proposed an alternative pathway for synthesizing melatonin from L-tryptophan via 5-methoxytryptamine with the formation of the intermediate compound N-acetyl-5-hydroxytryptamine [56] . Different Saccharomyces strains (Lalvin QA23, Enartis ES488, Lallemand ICV-GRE, and Uvaferm) and non-Saccharomyces yeast (Torulaspora delbrueckii and Metschnikowia pulcherrima) have been reported to produce melatonin during alcoholic fermentation in synthetic must [57, 58] . Moreover, T. delbrueckii is considered an innovative biotechnological tool, of great commercial interest, to be used in pure culture or in sequential inoculation with S. cerevisiae, for bio-modulating wines acidity [59] among other interesting enological features [60] .
Tryptophan metabolism includes, in addition to 5-hydroxytryptamine and melatonin, other important metabolites such as indolic compounds like 3-indoleacetic acid (3-IAA) which is the most common plant hormone, of the auxin class, and is known to have many effects including cell proliferation enhancement and antioxidant properties [61] . Kim and co-workers [61] investigated the effects of IAA on H 2 O 2 induced oxidative toxicity in human dental pulp stem cells and verified that H 2 O 2 -induced cytotoxicity was attenuated after IAA treatment. Moreover, according to Fernández-Cruz and co-workers [56] , besides IAA, tryptophan metabolites (tryptophol, tryptamine, and l-tryptophan ethyl ester) also present potential as antioxidants and neuroprotective agents. The mentioned authors [56] examined the occurrence of these compounds during the alcoholic fermentation of musts from seven grape cultivars. Fermentations were performed with three S. cerevisiae strains and, in two cases, a sequential inoculation with Torulaspora delbrueckii. Interestingly, they found that the profile of indolic compounds during alcoholic fermentation depended on the cultivar and not on the yeast strain used. Nonetheless, fermentation time was found to be a more influential factor [56] .
Fusel Alcohols Formed Via the Ehrlich Pathway
The synthesis of tryptophol by yeast was first described by Felix Ehrlich in 1912 [62, 63] as the metabolic conversion of amino acids via the successive steps of transamination, decarboxylation, and reduction [64] , Figure 4 . proliferation enhancement and antioxidant properties [61] . Kim and co-workers [61] investigated the effects of IAA on H2O2 induced oxidative toxicity in human dental pulp stem cells and verified that H2O2-induced cytotoxicity was attenuated after IAA treatment. Moreover, according to Fernández-Cruz and co-workers [56] , besides IAA, tryptophan metabolites (tryptophol, tryptamine, and ltryptophan ethyl ester) also present potential as antioxidants and neuroprotective agents. The mentioned authors [56] examined the occurrence of these compounds during the alcoholic fermentation of musts from seven grape cultivars. Fermentations were performed with three S. cerevisiae strains and, in two cases, a sequential inoculation with Torulaspora delbrueckii. Interestingly, they found that the profile of indolic compounds during alcoholic fermentation depended on the cultivar and not on the yeast strain used. Nonetheless, fermentation time was found to be a more influential factor [56] .
The synthesis of tryptophol by yeast was first described by Felix Ehrlich in 1912 [62, 63] as the metabolic conversion of amino acids via the successive steps of transamination, decarboxylation, and reduction [64] , Figure 4 .
Similarly, to tryptophol, phenylethanol, and tyrosol, are phenolic compounds or fusel alcohols formed via the Ehrlich pathway by yeast metabolism. These compounds can yield health benefits as well as contribute to the flavors and aromas of fermented food and beverages [63, 65] . Banach and Ooi [65] investigated the possibility of increasing the yield of tyrosol, tryptophol, and phenylethanol in wine (Alexander's Pinot Chardonnay grape juice) and beer [modification of the English Ale recipe composed of chocolate malt barley grain, dried malt extract (DME) and liquid malt extract (LME), supplemented with either the equivalent volume of malt-kiwi purée or with amino acids] using two different yeast strains, and supplementing the substrate with the relevant amino acid precursors or fruits high in these amino acids. At the end of the work, they found that flavor enhancement and enrichment of antioxidants, in wine and beer, could be achieved through supplementing the fermentation (in the case of beer-fruit-supplemented beer) media with precursor amino acids as well as careful choices of the appropriate yeast strain.
Fermented Beverages Containing Probiotics
It is common knowledge that most of the fermented milk contains probiotic microorganisms (live microorganisms, which when administered in adequate amounts, confer a health benefit on the host). Yogurt, the most common product of milk lactose fermentation, has on its constitution several lactic acid bacteria. So, the domination of milk-based beverages fermented by LAB, mainly Leuconostoc, lactobacilli, and lactococci, is clear. Milk fermentation in colder climates promotes the growth of mesophilic bacteria such as Lactococcus and Leuconostoc, whereas beverages produced at higher temperatures usually have greater counts of thermophilic bacteria such as Lactobacillus and Similarly, to tryptophol, phenylethanol, and tyrosol, are phenolic compounds or fusel alcohols formed via the Ehrlich pathway by yeast metabolism. These compounds can yield health benefits as well as contribute to the flavors and aromas of fermented food and beverages [63, 65] .
Banach and Ooi [65] investigated the possibility of increasing the yield of tyrosol, tryptophol, and phenylethanol in wine (Alexander's Pinot Chardonnay grape juice) and beer [modification of the English Ale recipe composed of chocolate malt barley grain, dried malt extract (DME) and liquid malt extract (LME), supplemented with either the equivalent volume of malt-kiwi purée or with amino acids] using two different yeast strains, and supplementing the substrate with the relevant amino acid precursors or fruits high in these amino acids. At the end of the work, they found that flavor enhancement and enrichment of antioxidants, in wine and beer, could be achieved through supplementing the fermentation (in the case of beer-fruit-supplemented beer) media with precursor amino acids as well as careful choices of the appropriate yeast strain.
It is common knowledge that most of the fermented milk contains probiotic microorganisms (live microorganisms, which when administered in adequate amounts, confer a health benefit on the host). Yogurt, the most common product of milk lactose fermentation, has on its constitution several lactic acid bacteria. So, the domination of milk-based beverages fermented by LAB, mainly Leuconostoc, lactobacilli, and lactococci, is clear. Milk fermentation in colder climates promotes the growth of mesophilic bacteria such as Lactococcus and Leuconostoc, whereas beverages produced at higher temperatures usually have greater counts of thermophilic bacteria such as Lactobacillus and Streptococcus [66, 67] . Most often the probiotic bacteria come from Lactobacillus or Bifidobacterium or a cocktail of both [68] .
Another class of fermented beverages is those made from cereals (maize, millet, barley, oats, rye, wheat, rice and sorghum), were the natural microbial component is used to ferment grains. The microbial populations responsible for the fermentation of these beverages are not, yet, well characterized. Of several blends, it has been suggested that fermentation by S. cerevisiae, Leuconostoc mesenteroides, and Lactobacillus confusus produce the most palatable beverages [66] .
One example of a known fermented beverage, with probiotic characteristics, is kombucha. It is a fermented sweetened tea, originally from China, but, enjoyed worldwide. Medusomyces gisevii Lindau represents a symbiotic microbial community known as "tea fungus" or kombucha tea. During tea fermentation, the added sugar is converted into organic acids and ethanol by yeast and bacteria. The microorganisms co-exist in interdependent symbiotic relationships named SCOBY (symbiotic culture of bacteria and yeast). Organic acids and ethanol formed during tea fermentation protect SCOBY from the colonization of other microorganisms. The yeast present in SCOBY can vary and may include Brettanomyces/Dekkera, Schizosaccharomyces, Torulaspora, Zygosaccharomyces, and Pichia [69] . The bacteria that we can find in kombucha are species of Gluconacetobacter xylinus, G. kombuchae sp. nov., Acetobacter nitrogenifigens sp. nov, Acetobacter intermedius, sp. nov. [70, 71] .
Nondairy fermented beverage from a blend of cassava and rice based on Brazilian indigenous beverage "cauim" using probiotic lactic acid bacteria and yeast was studied by Freire and co-workers in 2017 [72] . A triple group of microorganisms was used to ferment the blend: Lactobacillus plantarum CCMA 0743 (from cauim), Torulaspora delbrueckii CCMA 0235 (from tarubá), and the commercial probiotic L. acidophilus LAC-04. According to the authors [72] , the bacteria populations were around 8.0 log (CFU mL −1 ) at the end of all fermentations as recommended for probiotic products. The final beverage obtained was considered a non-alcoholic drink since the ethanol degree was lower than 0.5% (v/v).
Final Remarks
The choice to consume alcohol should be based on individual considerations, taking into account the influence on health and diet, the risk of alcoholism and abuse, the effect on behavior, and other factors that may vary with age and lifestyle.
Fermentation remains the oldest but most prevalent means of food and drinks processing and preservation. Important studies have been carried out aiming to understand certain physiological responses of Saccharomyces and non-Saccharomyces yeasts during the fermentation process, in order to promote the production and the marketing of new high-performance dehydrated yeasts strains for food and beverages elaboration, that will also be able to produce health-promoting compounds.
Fermented drinks, namely wine and beer, can definitely serve as vehicles for beneficial compounds that play an important role in human health, namely in the prevention of some 21 st -century diseases. However, further studies are required to ascertain the combination of grape cultivar and inoculation strain or inoculation strategy that could optimize the concentration of health-promoting compounds so as to realize their potential bioactivity in wine.
In what concerns probiotics, the credibility of specific health claims, and their safety must be established through science-based clinical studies. Maybe, in the future, probiotics will be used as approved drugs that will be prescribed together with, or instead of, antibiotics.
The role of traditional beverages, in the future of the fermented beverage industry, maybe to inspire the expansion of new products and, of course, assess a country's disposition to accept them. Undeniably, with the availability and improvements in technology, and consumers' increasing interest in functional foods, the positioning in the market for fermented beverages is more promising than ever.
